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Bovine and human dental enamel show similar behavior in fluoride uptake
studies performed. Even though bovine dental enamel has a low natural
fluoride level, it will serve well as a substitute for human dental enamel
for comparative fluoride ion experiments.
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INTRODUCTION
Since the early epidemiological studies of Dean ^ on the rela¬
tionship of community water fluoride levels to the incidence of dental
caries and those of Bibby2 showing that topical applications of fluoride
will reduce caries, a study of the Interaction of fluoride and other ions
with tooth enamel and the resultant effect on dental caries has been of
interest to dental investigators. It is now well known that fluoride in¬
hibits dental caries. The implication that higher fluoride levels in the
enamel are coincidental with lower caries rate appears to be born out not
only by epidemiological studies but also, to some extent, by the fact that
topically applied agents resulting in greater fluoride levels have often
been found to be more effective in reducing caries.
It is generally accepted that in order to decrease the incidence of
caries, the enamel should be made less prone (less soluble) to acid attack,
and it is thought that fluoride reduces the incidence of caries by making
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enamel less soluble to acid attack (penetration of acid into the enamel). ’
Tooth enamel is made up mostly of hydroxyapatite and a small amount
of fluorapatite. According to Napper ^^.,5 fluorapatite reduces the
dissolution rate of enamel. Gray^ showed that as soon as enough fluoride
is incorporated into the enamel, the dissolution rate decreases. According
to Volker,^ enamel treated with sodium fluoride was found to have reduced
solubility. The solubility of enamel depends on the amount of fluoride
present in the enamel and the pH of the system.' Mellberg also showed
that fluoride exhibits the solubility of enamel, and increasing the fluoride
treatment time results in more fluoride uptake by the tooth enamel, hence
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increasing the resistance to acid attack. Several investigators have
reported the inhibition of carious lesions after topical fluoride apppli-
cations. It is also believed that bacteria present in the mouth
cause the production of acid that attack the enamel. There are findings
which indicate that about 2 ppmF in the tooth enamel can arrest acid
production by bacteria of the mouth.Although it has been shown that
other substances, such as tin, cadmium, lead, and copper, retard the
solubility of enamel, fluoride has been definitely shown to inhibit carles.
Brudevold ^ al.^^ believe that a fluorapatite structure is formed from
hydroxyapatite in the presence of fluoride, and that this structure is
what is responsible for inhibition of caries and the reduction of enamel
solubility.
Typical Methodology
The common method used for determining fluoride concentration in
enamel, before the modern use of the fluoride ion specific electrode,
was fluoride diffusion. This procedure called for the separation
of fluoride from interfering substances with estimation of fluoride con¬
centration using a colorimeter. It required adjusting the sample size
to a narrow range of fluoride concentration for accurate determination.
This was a very tedious procedure.
The use of the fluoride ion specific electrode described by McCann^^
allowed direct determination of fluoride concentrations in solution which
did not require separation nor adjustment of the sample size.
The fluoride electrode manufactured by Orion Research consists of a
single-crystal lanthanum fluoride membrane and an internal reference
bonded into an epoxy body. The crystal is an ionic conductor in which
3
only fluoride ions are mobile.When the membrane is in contact with a
fluoride solution, an electrode potential develops across the membrane.
This potential, which depends on the level of free ions in solution, is
measured against an external constant reference potential with a pH/mV
meter or specific ion meter. The measured potential corresponding to the
level of fluoride ions in solution is described by the Nernst equation:
E = Eo-S log A
where E = measured electrode potential, Eo = reference potential (a con¬
stant), A = fluoride level in solution, and S = electrode slope.
According to Durst,interferences with the electrode can be either
chemical or electrical. Cations and most anions do not interfere with
the response of the fluoride electrode to fluoride. Those include anions
commonly associated with fluoride such as Cl“, Br“, I“, S0^~^, HC03“, NO3 ,
P04“^ and acetate ion. The 0H~ ion is an electrode interference. Some
anions, such as or make the sample more basic, increasing
the 0H“ interference, but are not direct electrode interferences.
In acid solutions with a pH below 5, hydrogen complexes a portion
of fluoride in solution, forming the undissociated HF and HF2~ which are
not detected by the electrode response to fluoride ion when the level of
hydroxide ion is greater than one tenth the level of fluoride ion present.
At a pH of 7, when the hydroxide concentration is 10“^M, there is no
hydroxide ion interference with fluoride measurements. At a pH of 10,
where the hydroxide concentration is 10“'^M, there is no error at IO'^m
fluoride. There is about a 10% error at 10~^M fluoride and a considerable
error at 10“fluoride. Addition of Total Ionic Strength Activity
Buffer (TISAB, a standard developed by Orion Research) to fluoride stan-
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dards and samples buffer will raise the pH between 5.0 and 5.5 to avoid
hydroxide ion interference or the formation of hydrogen complexes of
fluoride. Fluoride ion also forms complexes with aluminum, silicon, and
iron III, and for accurate readings to be obtained, the complexes must
be destroyed.
McCann described a technique of enamel fluoride determination that
involved dissolution of enamel first with 0.5 normal perchloric acid,
1 ftfollowed by measurement of the concentration of fluoride ion in solution.
Atomic absorption was used to determine the amount of calcium in the
sample with the assumption that enamel contains 36% of calcium,and thus
the amount of enamel and the thickness of the enamel removed could be cal¬
culated. This assumption has been universally accepted.
Problems Using Intact Human Teeth—Bovine as Alternative
The human tooth enamel is always very difficult to obtain in large
quantity and in sound condition. Frequently, bovine deciduous enamel is
used instead. The bovine deciduous incisor has tremendous advantages
over human enamel for research.purposes. These include availability in
large batches and in fresh and very sound condition. They are large and
have flat surfaces and above all, have low natural fluoride concentra-
tion. ’ These attributes make bovine deciduous incisor enamel very
attractive for use in in vitro fluoride uptake studies.
Structure of Teeth
Teeth are highly calcified structures set in aveolar sockets of the
upper and lower jaws. A tooth is divided into two parts: a root or roots
which anchor it in the jaw and a crown, the part which is visible in the
mouth (Fig. 1). A tooth is composed of four different tissues, namely:
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Fig. 1. Sketch of Structure of Human Tooth
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’enamel, which is a hard, brittle substance which covers the crown,
•dentin, which is a bone-like substance which forms the body of the
tooth,
•cementum, which is a bone-like substance which covers tooth root, and
'pulp, which occupies the central cavity of the tooth called the pulp
chamber and the root.
Chemistry of Enamel
We present here a brief discussion of the chemistry of tooth enamel.
The surface of enamel, which is believed to be more mineralized than the
subsurface, contains more natural fluoride, phosphate, and organic sub¬
stance but less water and carbonate.. The major mineral substance of
the tooth is hydroxyapatite which comprises 97% of enamel and 69% of dentin.
At the stage during which enamel is formed, fluoride replaces the hydroxyl
groups of hydroxyapatite, forming fluorapatite crystals, which are
2 3—25 2 27
larger, more perfectly formed and less soluble in ac±d^°> than
hydroxyapatite. Thus the intention of topical fluoride treatment has
been to convert hydroxyapatite into fluorapatite.
Caio(P04)6(OH)2 ^ 0310(^04)6^2
hydroxyapatite fluorapatite
However, the chemistry of tbe fluoride enamel interaction is not
well understood. The complications here arise from the fact that fluoride
ion is derived from different agents, used at different concentrations
and in a different manner. In addition, the laboratory work carried out
to determine fluoride enamel chemistry has been performed with fluorides,
enamel and treatment conditions that usually are far from those
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encountered in the mouth. However, these investigations have given a
general view of reactions that take place, hence giving a useful method
of describing the condition of topically treated enamel.
Natural Fluoride Level in Human Enamel
It has been established that fluoride concentrations in human enamel
decrease with an increase in depth.28 xt has also been reported that
different areas of the same tooth may contain different amounts of
fluoride.29 Weatherell^® showed that the patterns of fluoride ion dis¬
tribution or concentration within the enamel vary from tooth to tooth. The
analysis of fluoride concentrations from the outer layer of dental
enamel to the inner layers showed that the fluoride ion concentration is
O O
highest at the outer surface.- °
Chemistry of Some of the Agents—Enamel Reaction
Generally, ^ vitro experiments have shown that when the concentration
of fluoride reaching the crystal surface is low (less than 50 to 100 ppm)
and the pH is near neutral, a simple reaction may occur which forms floor¬
'll '^9
apatite:-^ ’
Caxo(P04)6(OH)2 + 2?" ^ Caxo(P04)6F2 + 20H-.
If the concentration of fluoride ion in the treatment solution is
increased, the hydroxyapatite structure begins to break, liberating cal¬
cium phosphate, which in the presence of fluoride ion begins to form cal¬
cium fluoride.
For sodium fluoride, the reaction is as follows:
2NaF + Caxo(P04)6(OH)2 Caxo(P04)5F2 + 2NaOH
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Acidified sodium fluoride solution has been reported not to be effec¬
tive in reducing caries incidence. Brudevold et al.^^ hypothesized that
the lack of success of acidified sodium fluoride solution was due to the
destructive action of acid on enamel which nullified any positive
fluoride effect.
Stannous fluoride solutions are acidic, ranging from pH 3.2 for a
0.4% solution to 2.3 for an 8% solution.Inasmuch as stannous fluoride
solutions are acidic, they dissolve the surface of enamel crystals as do
other acid fluoride solutions.Enamel dissolved by application of
10% SnF2 reacts immediately to form CaF2 and Sn3F2PO^.Further
dissolution of enamel is greatly slowed by formation of these compounds.
Jordan ^lt suggested the following reaction between stannous fluoride
and hydroxyapatite:
18SnF2 + Caj^o(P04)g(OH)2 6Sn3F3P04 + 9CaF2 + Ca(0H)2
On the other hand, Berndt^^ suggested something slightly different:
19SnF2 + Ca]^o(P04)5(OH)2 6Sn3F3P04 + 10CaF2 + Sn0-H20
Under certain conditions, another product has been reported to form:
Sn4(P04) (0H)2'H20.This compound is believed to form only if the
SnF2 concentration was less than 4% or the molar ratio of dissolved tin
to phosphate was less than two.
Sodium monofluorophosphate (MFP) that is used as a topical fluoride
agent for prevention of dental caries differs from sodium fluoride and
stannous fluoride in that it contains F~ ion only as an impurity.
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The F atom in MFP does not undergo the usual ionic reactions since
it is covalently bonded, unless the bond is first broken, thus
destroying the MFP molecule. Several mechanisms have been proposed
for the reaction of MFP with enamel. Ericson^^ was the first to
propose that POgF"^ was directly incorporated into hydroxyapatite.
He further suggested that P03F“2 replaced PO^"^ and, through an
intra-crystalline conversion, formed fluorapatite.
Ingram^^ proposed the following reaction which suggests that
PO3F ^ is permanently incorporated into enamel by replacing HPO4
Ca9(HP04)4(P04)50H-H20 + PO3F-2 Ca9(P03F)(P04)50H-H20 + HP04”2
Ingram postulated that this reaction takes place because enamel
— 9mineral is calcium-deficient apatite. Topically acquired PO^F
42
is believed by Duff to be maintained in the enamel as a depot for
fluoride ion which is released and hydrolysed to F during caries
attack. Investigators accept that fluoride incorporation into enamel
_2
from PO3F is less than sodium fluoride (NaF), acidulated phosphate
fluoride (APF), or stannous fluoride (SnF2) compounds. Muhlemann et al
explained this low order of reactivity of MFP solutions as lack of
etching or formation of precipitates on MFP treated enamel.
43
Acidulated phosphate fluoride (APF) solutions have long been known
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to impact greater amounts of fluoride into the enamel. Brudevold et al.^^
proposed that the use of phosphoric acid as the acififying agent would
prevent enamel from dissolving by shifting the equilibrium of the enamel
dissolution reaction to the left:
Ca^Q(P04)5(0H)2 + SH'*’ -v 6HP04"2 + lOCa"^^ + 2H2O.
It was after intensive laboratory studies^^ that the topical solution
known as acidulated phosphate fluoride became available. The standard
preparations of APF are: 1.2% F and O.IM PO4 at a pH of 3.2.
Dental Enamel
Since tooth enamel is used for several important dental test procedures
such as:
• fluoride ion uptake
’enamel solubility reduction studies
'hardness/calcium, phosphate ratios/density
’artificial caries formation
’response to abrasion, and
•surface response to acid and stains;
the bovine enamel is used instead of human tooth enamel.
Our primary objectives, therefore, were 1) to compare bovine
deciduous Incisor enamel to human permanent tooth enamel in terms of
natural fluoride level,2) to repeat the work of Mellberg et al.^^
in their i^ vitro fluoride uptake experiment using ammonium silicofluoride
solutions to check for the discrepancies that existed between bovine
dental enamel and human dental enamel and finally, 3) to compare the
fluoride uptake in vitro by both human and bovine enamel from various
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fluoride agents in order to see if bovine deciduous enamel will serve
as a good substitute for human permanent dental enamel.
EXPERIMENTAL
Sample Teeth
Human permanent teeth were obtained, and divided into human "A",
human "B" and human "C". Simply, human "A" and "C" were freshly obtained
but on two different occasions. Human "B" had been refrigerated for an
unknown time (more than one year), and all permanent teeth were of
"mixed age."
Bovine deciduous teeth were obtained in sound, fresh condition and
in large batches, aged 18 weeks. These teeth were sent by the American
Dental Association in Chicago from Brown Packing Company.
In the case of bovine teeth, the eight anterior teeth from each
individual animal were kept together. Several teeth were selected from
a number of animals. Each set of teeth were arranged from right canine
to left canine (Fig. 2).
Preparation of the Teeth
Both human permanent teeth and bovine deciduous teeth were thoroughly
cleaned with fine pumice and tooth brush to insure that no calculus (min¬
eral deposit) was left on the surface. Brudevold ^ used a similar
experimental procedure.
Forty bovine dediduous teeth were selected to study the natural
fluoride level in the enamel. Each tooth enamel was cut into three
different pieces and labelled: incisal, central and gingival areas using
a Macrotome II (image analyzer computer) with a sharp blade (Fig. 3).
On the whole, forty blocks were obtained in each group.
One hundred teeth from each group were cut, mixed, and selected
12
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Fig. 2. Diagrammatic Illustration of Arrangement of Eight Anterior
Teeth from Individual Animal.
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/ A Incisal Portion
Central Portion
Gingival Portion
Fig. 3. Structure of Bovine Deciduous Enamel Showing How the
Three Different Areas were Obtained from a Tooth.
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randomly for the fluoride ion uptake experiment. The blocks were mounted
on plastic sticks using colored paraffin wax to expose only the intact
enamel surface. The cut edges were completely sealed using a soldering
iron to spread the wax.
Preparation of Fluoride Solutions
Silicofluoride solutions were prepared by measuring out quantities
of phosphoric acid and hydrofluorosilicic acid which were added to
slightly lesser amounts of water than that required to produce the de¬
sired final concentrations (1.2% fluoride ion and 10% fluoride ion, re¬
spectively, O.IOM These solutions were adjusted to pH 3.0
with ammonium hydroxide, through the use of a pair of hydroquinone-gold
electrodes (Beckman Instruments). The solutions then were adjusted to the
final volume with water. Other fluoride agents used in this experiment
include:
•sodium monofluorophosphate (MFP)—1.2%F solution
•stannous fluoride (SnF2)—1.2%F solution
•acidulated phosphate fluoride (APF)—1.2%F solution
•sodium fluoride solution (NaF)—1.2%F solution
The desired amount of each fluoride sample was weighed out carefully into
a 100 ml round bottom flask, and the volume made up to the mark of the
flask. The pH of these solutions varied. Natural pH's are 7.0 for NaF
(neutral), 6.0-7.0 for MFP, 2.5 for SnF2 (according to Hefferen^^), and
3.2-3.35 for APF.
The rationale here is that since stannous fluoride is acidic, it will
attack a glass electrode. Also the hydroquinone-gold electrode contains
some traces of stannous ion; hence the pH's of these solutions were not
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measured. The assumption above was based on the chemical properties
of the various fluoride samples and the solvent.
Treatment
Ten blocks from human "A", human "B", human "C" and bovine teeth
were each treated in 15-20 ml of fluoride ion solution. The blocks were
quickly removed, rinsed briefly under deionized water, and soaked imme¬
diately in a metastable calcium phosphate solution (MSP) at a temperature
of 37° for 24 hrs.^^ Metastable calcium phosphate contains 6.8g of CaHPO^
per liter of O.IN HCl plus O.IM of KOH. To make up MSP, 5ml of CaHP04
solution is added to 5ml of KOH solution plus 90ml of water. Since meta¬
stable calcium phosphate simulates saliva, it will wash off any unreacted
fluoride that is present in the form of CaF2.
Enamel Layer Removal
The plastic sticks holding the enamel were suspended on a specimen¬
holding bar of an automated device for removing enamel layers by dissolu-
tlon^6 and with gentle agitation. Three 10 1 2 ym consecutive layers were
removed by dipping the enamel in separate 1ml solutions of 0.5N HCIO4 for
30 sec each.
Calcium Analysis
A 0.1ml aliquot was removed from each sample and diluted with 2.9ml
of calcium diluent solution to suppress phosphate Interference. Calcium
diluent solution is made up in the following manner: 750ml of adjusted
Total Ionic Strength Activity Buffer (TISAB) from Orion Research is added
to 650ml of 0.5N HCIO^ and 1,500 ml of 1% LaCl3 solution. The calcium ion
concentration was determined using an Atomic Absorption Spectrophotometer
(Perkin Elmer model 503). To determine the total calcium ion concentration
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in the layer, the curve reading is multiplied by a factor of 30.
Fluoride Analysis
To determine the fluoride ion concentration, 0.5ml of the remaining
0.9ml of acid containing the dissolved enamel was removed and placed into
a fluoride beaker. Next, 0.5ml of adjusted TISAB, modified by the addi¬
tion of a solution of 20g NaOH/liter to result in a pH of 5.2 after addi¬
tion of fluoride sample, was added to prevent any loss of fluoride ion
from the acid solution and to ready the sample for fluoride ion analysis.
A pH of 5.2 was used to eliminate hydroxide ion interference or the for¬
mation of hydrogen complexes of fluoride.The fluoride ion concentrations
were determined with a fluoride ion specific electrode (Orion model 605),
attached to Orion model 701/digital pH meter with mV meter on expanded
scale. The mV readings were taken after 15-20 min on the electrodes with
agitation of the beakers every 5 min to insure proper mixing and equili¬
bration of the electrodes. Standard curves were obtained for each elec¬
trode within the range of 0.01-1.0 ppmF. The total fluoride ion concen¬
tration was obtained by multiplying the ygF value by 2.
Surface Area
The area of the various blocks (intact surfaces) were measured in
square millimeters, employing a dissecting microscope and millimeter rule.
The areas were within the range of 27-30mm2.
Calculations
In order to facilitate the analysis of data, a computer program was
developed. This was achieved through the services of Colgate-Palmolive
Research and Development Center in Piscataway, New Jersey.
This program was written in such a way that it only required standard
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data input, tooth identification number, millivolt reading for each elec¬
trode, and individual calcium ion values. The computer would then perform
a simple linear regression and the following output was obtained:
•the fluoride ion concentrations in ppm of individual samples based
on the fluoride ion standards,
•the layer thickness of enamel removed in micrometers, and
•the center of the layer of the mid-point since the observable ppmF
is assumed to be somewhere between the layers.
The calcium ion values obtained from the atomic absorption instrument
were multiplied by a factor of 83. Since the calcium ion concentration
in the enamel is assumed to be 36% and also the specific gravity of the
enamel (density) was 2.95, the amount of enamel removed (weight of enamel)
in pg, and the layer thickness (depth) removed were determined as follows:
amount of enamel removed (pg) = 100 X ppm Ca X 30
when ppm Ca = 7.8. Then,
100 X 7.8 X 30
36 pg = 650 pg.
From the area of the enamel surface exposed to the acid, the layer thick¬
ness (depth) of the enamel removed could be calculated on the basis that
the specific gravity of the enamel is 2.95:
specific gravity of enamel (density) =
mass of enamel (amount of enamel removed) _
volume of enamel
amount of enamel removed
(area of enamel)(thickness of enamel).
Rearranging the above formula yields:
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layer thickness of enamel removed =
amount of enamel removed
(area of enamel)(specific gravity of enamel)
2
When the area of a typical intact surface of enamel equals 27mm , then
the amount of enamel removed (weight of enamel) =
650
(27)(2.95)
pm = 8.2 pm.
The total fluoride in micrograms is divided by the amount of enamel
in micrograms and then multiplied by 10'^ to give the fluoride concentration
present in the enamel in question in parts per million:
total fluoride
ppmF = X 106
amount of enamel removed
when total fluoride = 0.058 pg, amount of enamel removed = 650 pg. There¬
fore, ppmF =
*^^50^ ^ ~ ppmF in a layer of 8.2 pm thick.
The fluoride concentrations in each enamel block were determined graph¬
ically at standard depths of 5 pm, 10 pm, and 15 pm, which represented
approximately the center of each of the three consecutive layers removed.
This method helps to alleviate a huge standard deviation. Secondly, it
gives a better level of confidence of results and comparisons since
layer thickness was not Identical for all samples. Hence, ten separate
curves were drawn for the ten electrodes on the basis of fluoride ion con¬
centrations in ppm found by analysis, against half the thickness plus the
total preceding layers.From the numerous fluoride ion concentra¬
tions in ppm obtained at standard depths, the portion(s) necessary for
the fluoride ion uptake experiment was determined at a standard depth
of 5 pm.
RESULTS AND DISCUSSION
The average fluoride ion concentrations found in incisal, central
and gingival areas at a depth of 5 ym are shown in Table 1.
The average fluoride ion concentrations, at standard depth of 5 ym
within teeth, were 55 ppm in incisal area, 76 ppm in the central area, and
116 ppm in the gingival area. The fluoride ion concentration was highest
in the gingival area, followed by the central area, and lowest in the
29
incisal area. Similar trends have been reported for human enamel also. ’
These differences were statistically significant according to the t-test
analysis. Between the incisal and the central areas, the t-test indicated
that (P < .02 and t = 2.817), where P is the level of significance. Be¬
tween the incisal area and the gingival area, the t-test result showed
that (P < .001 and t = 7.97). Finally, between the central and the gin¬
gival areas, the t-test showed that (P < .001, and t = 7.12).
The average fluoride ion concentrations within a mouth at a standard
depth of 5 ym for canines were 92 ppm. The second lateral incisor con¬
tained 83 ppm. The first lateral incisor contained 86 ppm. The central
incisor contained 67 ppm. The reason why natural fluoride ion in bovine
enamel follows this pattern is not apparent.
However, it has been reported that the fluoride ion distribution
30within human enamel does vary from tooth to tooth. The average fluoride
ion concentrations for bovine between mouths varied from 51 ppm to 117 ppm
at a depth of 5 ym, as shown in Table 2.
Nevertheless, in all cases, the fluoride ion concentrations in bovine
dental enamel (deciduous) were higher at the surface than the subsurface.
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Canine 2nd Lateral Incisor 1st Lateral Incisor Central Incisor
Mean + S.D. Mean + S.D. Mean + S.D. Mean + S.D.
5 10 75 + 42 65 + 34 46 + 13 37 + 14
5 10 82 + 27 73 + 33 85 + 46 62 + 22
5 10 120 + 24 113 + 40 127 + 50 102 ± 29
X 10 92 + 24 83 + 26 86 + 40 67 + 32
Table 2. Natural Fluoride Ion Level in Teeth of Different Animals (Bovine Deciduous) at 5 ym.
Number of Number of Incisal Area Central Area Gingival Area Average Fluoride
Animal Teeth Concentration



















48 + 18 90 + 38 118 + 53 85 + 365 8
23
Table 3 represents the findings from fluoride ion uptake experiments
in which human dental (permanent) and bovine dental (deciduous) enamel were
treated with ammonium silicofluoride solutions. Untreated bovine enamel
contained 82 ppmF, or one fourteenth as much fluoride as human dental
enamel. In both enamel types, treatment with silicofluoride solutions in¬
creased the concentration of fluoride ion in the enamel.
In bovine enamel, 1.2% fluoride from silicofluoride solution showed
an uptake of 1,450 ppmF (P < 0.001, t = 9.43), and 1,926 ppmF from a 10%F
solution of silicofluoride (P < 0.001, t = 10.5). In human enamel 1.2%
fluoride from silicofluoride solution showed an uptake of 994 ppmF (P <
0.001, t = 4.04), and 1,632 ppmF from a 10%F solution (P < 0.001, t = 6.08).
These results were not unexpected. Also the higher uptake exhibited by
bovine enamel with a lower natural fluoride ion level than human enamel
conformed to what was reported earlier in the literature. The statistical
t-test showed that the fluoride ion uptake by the two enamel types were
significant. These results seem to refute" what was reported in the litera-
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ture by Mellberg et al. about human dental enamel. According to their
results, human enamel acquired a large Increase in fluoride uptake from
the 10% solution of (NH^)2SlFg while there was an insignificant increase
in the case of bovine enamel. This could possibly have resulted from a
change in pH of the solution as this was found to change with time.
Table 4 shows the fluoride ion concentrations at 5 pm and fluoride
uptake by human and bovine dental enamel treated for four minutes in
various fluoride agents. All solutions contained 1.2% fluoride ion.
The natural fluoride ion concentration was 179 ppm in bovine which was
about a fourth of human "A" enamel and about a sixth of human "B" enamel.
Table 3. Fluoride Ion Concentrations at 5 ym and Fluoride Ion Uptake by Human and Bovine Dental Enamel




N ppmF + S.D. Fluoride t-Test
Uptake
N ppmF + S.D. Fluoride
Uptake
t-Test
None 10 82 + 18 — 10 1157 + 523 — —
(NH4)2SiF6 10 1532 + 461 1,450 t= 10.50 (P < 0.001) 10 2151 + 521 994 t= 6.08 (P < 0.001)
(1.2%F)
(NH4)2SiF6 10 2008 + 550 1,926 t= 2.0 (P < 0.10) 10 2789 + 613 1,632 t= 2.38 (P < 0.05)
(10%F)
4‘
* All solutions at pH 3.0 and O.IM PO^
Table 4. Fluoride Ion Concentrations at 5 ym and Fluoride Ion Uptake by Human and Bovine Dental Enamel
from Various Fluoride Agents on Treatment for 4 Minutes
Treatment
Solution N
Bovine Human "A" Human "B"
ppmF + S.D. Fluoride
Uptake
ppmF + S.D. Fluoride
Uptake
ppmF + S.D. Fluoride
Uptake
Control 14 179 + 96 — 621 + 295 — 1148 + 485
—
NaF(1.2%F) 14 290 + 71 lll(S)* 1116 + 596 495(S) 1257 + 501 190(N)
APF(1.2%F) 14 1376 + 548 1,197(S) 2009 +■ 719 1,388(S) 1908 + 665 760(S)
SnF2(1.2%F) 14 190 + 59 11(N)* 784 + 359 . 163(N) 1275 + 332 127(N)
MFP(1.2%F) 14 238 + 128 59 (N) 954 + 326 333(N) 1229 + 299 81 (N)
* S = Statistically Significant and N = Not Statistically Significant
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The experiment showed that bovine had an uptake of 111 ppmF (P < 0.005,
t = 3.35) from sodium fluoride solution; 1,197 ppmF (P < 0.001, t = 7.76)
from acidulated phosphate fluoride solution; 11 ppmF (p < 0.8, t = 0.35)
from stannous fluoride solution; and 59 ppmF (P < 0.2, t = 1.33) from
sodium monofluorophosphate solution. Uptake by bovine dental enamel from
the solutions of NaF and APF were statistically signiflca,nt, while the
uptake by this same enamel type was not statistically significant from
MPF and SnF2 solutions.
This same table showed that human "A" enamel had an uptake of 495
ppmF (P < 0.02, t = 2.68) from sodium fluoride solution: 1,388 ppmF (P <
0.001, t = 6.44) from acidulated phosphate fluoride solution; 163 ppmF
(P < 0.3, t =1.26) from stannous fluoride solution; and 333 ppmF (P < 0.02,
t = 2.73) compared to uptake of the control from monofluorophosphate and
(P < 0.4, t = 0.86) compared to uptake from NaF solution. Statistically,
the t-test showed that uptake by human "A" enamel type was significant from
NaF and APF solutions, as observed in the case of bovine dental enamel,
but not statistically significant from SnF2 and MPF solutions. This latter
finding also holds true in the case of bovine enamel. In addition, the
uptake by the two enamel types from SnF2 solution was less than the uptake
from NaF solution. It is rather surprising that SnF2 solution with a low
pH would exhibit a low fluoride uptake. However, it could be postulated
that either SnF2 is a poor fluoride agent or that the acidic solution has
destroyed the apatite structure, hence resulting in hydrofluoric acid
dissociation such as HF and HF2“ that will not be detected by the elec¬
trode.
Finally, Table 5 shows the fluoride ion concentrations at 5 ym and
Table 5. Fluoride Ion Concentrations at 5 ym and Fluoride Ion Uptake by Bovine and Human Dental Enamel
Treated for 10 Minutes with Sodium Monofluorophosphate and Stannous Fluoride Solutions
Treatment
Solution N
Bovine Human "A" Human "C"
ppmF + S.D. Fluoride
Uptake
ppmF + S.D. Fluoride
Uptake
ppmF + S.D. Fluoride
Uptake
Control 10 101 + 31 .— - 1519 + 881 -- 856 + 620 —
MFP(1.2%) 10 212 + 54 lll(S)* 2355 + 1437 836(N)* 1597 + 1111 74(N)
SnFT(1.2%F) 10 247 + 78 136(S) 1686 + 758 167(N) 1212 + 494 356(N)z
* S = Statistically Significant and N = Not Statistically Significant
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the fluoride ion uptake by bovine and human dental enamel treated for ten
minutes in SnF2 and MFP solutions. Natural fluoride concentration was 101
ppm in bovine, 1,519 ppm in human "B" enamel type and 856 ppm in human "C"
enamel. Fluoride ion uptake by bovine dental enamel was 111 ppm (P < 0.001,
t = 5.35) from MFP solution, and 136 ppm (P < 0.001, t = 5.22) from SnF2
solution. Uptake by this enamel type from these two solutions were sta¬
tistically significant. Human "B" enamel showed an uptake of 836 ppmF
(P < 0.2, t = 1.49) from MFP solution, and 167 ppmF (P < 0.7, t = 0.43)
from SnF2 solution. The t-test showed that fluoride ion uptake by human
"B" enamel from these two fluoride ion solutions was not significant.
Human "C" enamel had an uptake of 741 ppmF (P < 0.1, t = 1.75) from MFP
solution, and 356 ppmF (P < 0.2, t = 1.35) from SnF2 solution. Here also,
fluoride ion uptake by this human enamel type from these solutions was
not statistically significant, just as observed in human "B" enamel.
However, longer treatment time Increased the concentration of fluoride
ion in both dental enamel types. Also, there exist variations in fluoride
ion uptake among different groups of human dental enamel, as in bovine
dental enamel.
CONCLUSION
The purpose of this study was to investigate experimentally the use
of bovine dental enamel (deciduous) as a substitute for human dental
enamel (permanent). Identical results were not expected of these two
enamel types since bovine has a very low natural fluoride concentration.
However, it was suspected that experimental results from the two enamel
types may simulate each other.
Natural fluoride level in bovine dental enamel was studied. The
fluoride concentrations from different areas of the tooth followed the
same pattern reported earlier in the literature about human dental enamel.
The fluoride ion uptake by both bovine and human dental enamel from 1.2%
and 10% sllicofluoride solutions was very similar. The uptake by bovine
and human "A" enamel agreed significantly for sodium fluoride solutions
but uptake for human "B" enamel differed from that of bovine. However,
the uptake by bovine, human "A" and human "B" was substantial from APF
solution. Uptake by bovine, human "A" and human "B" enamel from SnF2
and MFP solutions was not significant. When the treatment time in these
two solutions was increased, only bovine enamel showed a significant uptake.
Since bovine enamel in most instances showed similar responses to
human dental enamel, and on the other hand there seemed to exist as many
variations among different groups of bovine enamel as among different
groups of human dental enamel, bovine dental enamel will create no danger
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